DESPITE improvements in surgical technique as applied to the management of labour, the mortality from puerperal sepsis has remained practically unchanged during the last decade. The significance of the disease seems first to have been perceived by Charles White and Semmelweiss, who recognized that the epidemics raging in lying-in hospitals were due to a definite infection of recently delivered women.
A Contribution to the Problem of Puerperal Sepsis.
By HAROLD BURT-WHITE, M.D., F.R.C.S., and RICHARD R. ARMSTRONG, M.D., F.R.C.P. DESPITE improvements in surgical technique as applied to the management of labour, the mortality from puerperal sepsis has remained practically unchanged during the last decade. The significance of the disease seems first to have been perceived by Charles White and Semmelweiss, who recognized that the epidemics raging in lying-in hospitals were due to a definite infection of recently delivered women.
The attention of Semmelweiss was further attracted by the tragic death of a colleague, following an accidental wound when making a post-mortem examination on a case of puerperal sepsis. The symptoms and the findings at autopsy made it clear that his colleague had died from the same disease as that of the lying-in women and that therefore puerperal fever and wound fever were different results of a similar i nfection.
It is significant that the statistics recently produced by Geddes show that the incidence of industrial accidents, followed by sepsis, and the incidence of puerperal sepsis, run parallel in many English districts. The incidence of puerperal sepsis exhibits a curious anomaly in that women delivered in dirty surroundings are observed, as often as not, to have normal puerperia, while others delivered with every care show infective symptoms; the poor boroughs of Shoreditch and Southwark actually have a lower puerperal sepsis rate than that of Hampstead. A variable factor, individual immunity, dominates the whole problem and complicates the issue, for cases of puerperal sepsis occur in which, as far as we know, there have been no vaginal examinations nor contact with septic cases.
That the causal organism in the majority of cases is the Streptococcus pyogenes there is no doubt, and it would seem that, generally, the organism is introduced from without.
To prove definitely an endogenous origin for puerperal sepsis, isolation of the Streptococcus pyogenes from the genital tract of many pregnant women would be required and observation of the puerperia of those infected would be also necessary in order to ascertain if sepsis due to this same organism occurred in a large proportion of cases. So far as we are aware, this investigation has not been carried out.
Already large numbers of workers have investigated the flora of the cervix and vagina of pregnant women but their results vary widely. They have generally failed to isolate Streptococcus pyogenes from the normal cervix in pregnancy, although hmmolytic streptococci have been found in the vagina.
The reasons for choosing the cervix for investigation seem adequate. Situated between the sterile uterus and the infected vagina, it occupies a strategic position, like the gateway to a citadel, at the border-line between things septic and aseptic.
The vulva would be unsuitable, for its exact limits are vague and it is subject to constant changes in bacterial flora.
Fricke, in 1914, showed that in seventy-five per cent. of cases, streptococci could be cultured from the vulva but the presence of these organisms is probably of small importance in most cases.
The vagina is obviously less liable to infection and possesses a secretion" of some bactericidal power. Organisms may be introduced from without, particularly at coitus. Brouche has shown that fifty per cent. of men are carriers of streptococci under the prepuce, but judging from some unpublished work by M. H. Gordon on soldiers' urine during the war, these organisms are chiefly Streptococcus salivariuls and Streptococcus f,calis.
Many just criticisms of previous results are at once obvious. Certain observers state that streptococci are present but they go no further and make no attempt at classification. Others describe hamolytic streptococci, but it is not clear if they refer to the all-important organism Streptococcus pyogenes.
As long ago as 1887, Goenner stated that the vaginae of pregnfant women did not contain the characteristic organisms found in puerperal sepsis. That this view was then unjustifiable is illustrated in the following table; the figures refer to the percentage of cases from which the individual observers could isolate streptococci: no attempt has been made to separate haemolytic from non-haemolytic organisms; nor, as is now apparent, does it follow that any of the streptococci isolated were capable of producing puerperal fever. Several of the more recent investigations of the bacteria of the cervix deserve m6ntion. In 1912 Walton and Medalia produced the results of a careful investigation into the flora of various parts of the genital tract. Their series consisted of 103 pregnant women. It is proposed, however, only to consider here the results of cervical cultures, which are as follows : Hlmolytic streptococcus, 1; non-haemolytic, 11; bacteria, other than streptococci, 74; sterile, 17.
Twenty-two women had febrile puerperia, and 11 of these showed morbid temperatures, according to the B.M.A. standard. Unfortunately the ultimate fate of the one woman who showed an antepartum infection with haemolytic streptococci was not clear.
In 1924 Houlton investigated the cervices of 98 pregnant women: 67 were regarded as normal and 31 as pathological. Cervices were judged pathological on the appearance of the secretion. From the pathological, streptococci were found on two occasions, but apparently on no occasion from the normal.
The recent work of Fitzgibbon and Bigger upon the flora of the cervix of pregnant women is more important and may be summarized briefly. 158 cervical swabs were taken from 50 patients and on 104 occasions streptococci were found. The majority were non-haemolytic, only two were haemolytic. S. faecalis was found 43 times; S. mitis, 42 times; S. equinus, 10 times; S. salivaritus, 7 times. S. equi was found once and S. infrequens once; both cultures were hasmolytic. It is thus obvious that S. pyogenes was never found.
In 1924, Kanter and Pilot considered the relationship of haemolytic streptococci to pregnancy and the puerperium: they investigated ninety-six cases. Swabs were taken from various positions. The positive results are tabulated:- 
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Another observer (Lockhart) has made bacteriological examinations of the cervix and vagina during pregnancy, again with special reference to heemolytic streptococci. He chose 100 pregnant women, of whom eighty-one were primiparae. Thirty-eight of these primiparae yielded streptococci, while the nineteen multiparae showed the higher proportion of ten. On one occasion only was a hmmolytic streptococcus obtained before labour, and whether this was S. pyogenes is not clear. In the puerperia, six of the thirty-eight primiparse developed pyrexia and three of the ten multiparae were affected.
Summarizing the literature at this stage, it is evident that S. pyogenes is not a normal inhabitant of the cervix during pregnancy. Streptococci, including haemolytic organisms, have been cultivated from the vagina and vulva on many occasions, the frequency varying with the individual worker. But these results are insignificant because the observers were content merely to describe streptococci as hmolytic with no further method of classification.
Uncertainty still exists as to the conditions which lead to puerperal infection and the source from which this is derived. In attacking the problem afresh it was therefore of primary importance to nmitate experimentally the cultural conditions which naturally exist in the female passages.
Broadly speaking, the investigation about to be described has been conducted as follows:-
(1) Selection of cases; so far as possible, primigravidT.
(2) Cultivation from the interior of the cervical canal.
(3) Exclusion of possible external contamination of cultures by the use of a guarded swab.
(4) Insistence on haemolysis as a necessary biological characteristic before accept4nce of a strain as potentially virulent.
(5) Recognition of the fact that the conditions within the cervical canal are anaerobic.
(6) Test of virulence on laboratory animals, the strains being examined as soon as possible after isolation.
Finally, in introducing this communication, it must be stated that the investigation is in itself only a preliminary to a wider study which, to be complete, must also include an examination of the cervical and uterine flora after delivery has taken place.
Cultures have been taken at various periods of gestation from 153 cases, as shown in the accompanying which is sealed with collodion, is introduced into the cervical canal and when in that position a swab is pushed through the sealed end.
The swab is now shaken up in a test-tube with a quantity of blood-broth which is divided into two parts, each being incubated for 12 to 18 hours, the one aerobically, the other anaerobically. At this stage, the cultures are plated out on blood-agar plates, being again incubated aerobically and anaerobically.
Anaerobiosis has been maintained by means of a McIntosh and Fildes jar, using methylene-blue glucose broth solution as an indicator. This method of securing anaerobiosis seems in advance of any other. For the purposes of this paper we propose to omit consideration of all organisms other than streptococci, .The material investigated in the ante-natal department of St. Bartholomew's Hospital, was obtained from 153 pregnant women, 141 of whom were primigravide, while twelve were multipara.
Streptococci of different varieties were isolated aerobically from thirty six cases, that is 23-5 per cent.; anaerobically, the figures were higher, streptococci being obtained in fifty-five cases, 35 9 per cent. Of these strains isolated aerobically, twelve were hlemolytic and twenty-four non-halmolytic; but of the fifty-five obtained anaerobically, twenty-two were haemolytic. The atypical streptococci grown under both conditions were delicate organisms, whose sugar reactions resembled S. pyogenes, although morphologically they were entirely dissimilar. The colonies, whether aerobic or anaerobic, were of extreme delicacy, semi-translucent, smooth, small and resembling in appearance on solid media, the streptococci isolated by blood cultures from cases of malignant endocarditis. On the other hand, streptococci isolated by blood-culture from cases of sepsis were white, rough, opaque, at least five times as large, and at all times more vigorously haemolytic.
In view of these striking differences there seemed good reason to believe that the haemolytic streptococci isolated from the cervix were not true Streptococcus pyogenes.
It is evident that among the non-haemolytic streptococci grown anaerobically, S. The atypical haemolytic organisms grown by either method showed sliglht haemolysis, morphologically they were as described.
A consideration of these figures shows that streptococci grew anaerobically but failed to grow aerobically on nineteen occasions. Analysis of these nineteen reveals that ten were S. frcalis, seven S. salivariuts and two atypical. A further study shows haemolysis in a peculiar light. On eight occasions, streptococci with similar sugar reactions were grown aerobically and anaerobically. The aerobic organisms were non-halmolytic, yet the corresponding anaerobic strain appeared strongly hamolytic. A further investigation of these streptococci demonstrated that a reversal of cultural conditions produced a reversed reaction as regards halmolysis.
The virulence of these haemolytic forms of S. salivarius and S. fa"alis was tested on mice. On no occasion was a mouse killed, not even when the injected cultures were reinforced by simultaneous injection of an emulsion of killed Bacillus coli. This measure has been employed as routine to enable strains of feeble virulence to become established and to be raised, by passage, to maximum virulence. It proved successful in almost every instance in which an authentic strain of streptococcus isolated fromn a case of puerperal sepsis had undergone degradation from repeated subculture on laboratory media.
In fact, none of the accepted characteristics, morphology, sugar reactions, or baemolytic power, separately or together, serve to identify the non-pathogenic strains with the true disease-producing S. pyogentes. Experience tends to show that virulence, as tested on animals, is the only safe guide. Recently, Todd has shown that strains of S. pyogenes, apparently typical, may be non-virulent, whilst the simple process of cultivation in human serum may restore to other, apparently identical cultures, 'the power of killing laboratory animals in high dilution, thus identifying them as disease producers.
It is obvious, therefore, that the most meticulous care must be taken before a streptococcal strain is accepted as belonging to the puerperal septic group.
An effort has been made to follow all the cases through their puerperia, but, as is inevitable, some cases have been lost outright, and others have been transferred to other hospitals.
Of the twenty-two women from whom haemolytic streptococci were isolated, four are not available for statistics, as sight of them has beeln lost. Eighteen cases remain; in fifteen of these the labours and puerperia were normal, while in three cases they were slightly abnormal.
In Case 35 there was a high temperature throughout the first week of the puerperium, but this and an ante-natal rise of temperature were due to pyelitis. Cultures of the cervix were sterile.
In Case 47 the puerperium was normal, except for a temperature of 100i F. on the eighth day; this lasted for twenty-four hours.
In Case 77 the woman came in from the district with obstructed labour, and perforation was required. She ran a high temperature for weeks after delivery, but this was due to injury to the bladder and perivesical suppuration. Her blood-culture was never positive, nor was S. pyogenes recovered from the cervix.
Case 102 occupies a unique position. From the cervix two weeks and one week before delivery, S. pyogenes was isolated in pure culture, both anaerobically and aerobically. The virulence of this organism was proved by intradermal inoculation of rabbits. The minimal dose necessary to produce a skin reaction did not exceed one millionth of a c.c. of a sixteen-hours' broth culture, and mice were killed in eighteen hours by 1 c.c. of undiluted broth culture.
A possible explanation of the source of this streptococcus is suggested. Several days before the culture was taken, this woman had been in the same ward as another, who had died from a fatal streptococcal septicwemia (pyogenes), following a simple operation. She was the only pregnant woman from whom the organism was isolated, but no attempt was made to treat her, and two weeks after the organism was first discovered, she went through a normal labour and puerperium, and her temperature never rose above 990 F.
It is thus evident that the women whose cervices had harboured hbamolytic streptococci, including true S. pyogenes, have been followed through their puerperia on fifteen occasions, and in no cases did true sepsis occur.
A consideration of the cases in which we were unable to obtain streptococci ante-natally seems no less interesting. They numbered 131 ; in five, morbid puerperia developed and in one a typical streptocoocal septicLemia. In each case S. pyogenes was cultivated from the cervix, and in the case of septiciemia, from the blood-stream also. In none of these cases were we able to find any evidence of autogenous infection such as might arise from pathological conditions of the teeth sockets or tonsils.
CONCLUSIONS.
(1) That while streptococci possessed of hamolytic properties may be cultivated from the cervix of apparently healthy pregnant women not infrequently, Streptococcus pyogenes must not be looked upon as a normal inhabitant.
(2) That by using anaerobic methods, streptococci, especially hemolytic examples, can be cultivated more frequently than when aerobic methods are used.
(3) That hamolysis may be governed to some extent by anaerobiosis and thus the term hamolytic streptococcus is misleading and of no real significance. A haemolytic streptococcus is not necessarily identical with the streptococcus of puerperal sepsis unless proven virulent for laboratory animals.
(4) That the presence of haemolytic streptococci, including one example of a virulent S. pyogenes in the cervix of a pregnant woman, does not necessarily give rise to sepsis in the puerperium.
(5) Accordingly, as a factor in the production of puerperal sepsis, the significance of the presence of haemolytic streptococci in the cervical canal cannot be studied apart from the question of individual susceptibility.
(6) These results appear to support definitely an exogenous origin for infection in puerperal sepsis, while leaving unexplained those rare cases of puerperal sepsis alleged to occur in women in whom there has been no form of manipulation during the puerperium or pregnancy.
APPENDIX.
Admitting, for the moment, the probable exogenous origin of the streptococcal infection in puerperal sepsis, it becomes clear that methods of specific treatment, to be successful in general practice, must depend in the first instance on the similarity, within narrow limits, of the infecting strains of streptococcus. By means of agglutination and absorption tests, M. H. Gordon has shown that the majority of S. pyogenes strains corresponded to a single type which embraced all the " puerperal " strains examined by him. There is also recent evidence tending to establish the existence of one prevalent type of S. pyogenes. As an alternative to the agglutination test, experiments were made to type puerperal streptococci by immunological methods, using the intracutaneous reaction in rabbits. The method is as follows: The pathogenicity-of the streptococcus strain is raised by mouse passage until 1 c.c. of a sixteen-hour broth culture, inoculated intraperitoneally, suffices to kill a mouse in twenty-four hours. One-tenth of a c.c. of a broth dilution containing one tenthousandth of a c.c. of such a sixteen-hour broth culture is mixed with an equal volume of rabbit's normal serum and injected intradermally into the rabbit's shaven back. A similar volume of culture mixed with an equal volume of a standard antipyogenes immune serum, previously prepared, is injected into the opposite side for comparison. A modification of the reaction by the immune serum, as compared with the normal serum control, has been considered to indicate serological relationship. We are indebted to Dr. Leonard Colebrook for cultures of streptococci obtained from cases of puerperal sepsis which have supplemented our own collection.
While it cannot be said that -the method has given completely satisfactory results in practice, owing to the difficulty of maintaining cultures at the same level of pathogenicity, there is evidence of close affinity between many strains.
Of thirty-seven strains tested, seven failed to produce inflammatory reactions in the rabbit. In twenty-one strains the lesions were completely abolished or greatly reduced by admixture with the standard immune serum; in nine strains there was no change. Of the thirty reacting strains, therefore, two-thirds were closely allied to a typical S. pyogenes obtained from a case of fatal puerperal sepsis.
These crude preliminary observations have not been pressed for the moment, owing to the uncertainty which at present surrounds the question of the mode of aggression in, and response to, S. pyogenes infection, whether antitoxic or bacteriotropic.
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No progress would be made until it was recognized that there were two forms of sepsis, the first, comprising 95 per cent. of the cases, being due to absorption from wounds of the genital tract, unnecessary uterine exploration and careless midwifery generally, while only .5 per cent. were of the mysterious type that had been described this evening.
By careful midwifery the first class could be practically eradicated, and maternal mortality almost entirely prevented, but no improvement could be expected until the teaching of midwifery to medical students had been entirely revised. It was appalling to think that a young student, who had attended perhaps five or six normal cases "on the district " under the worst possible conditions and with no proper supervision, should be called upon, perhaps as soon as he was qualified, to help midwives, who probably knew much more about the subject than he did, in their difficult cases.
Mr. J. M. WYATT said that this paper was of great value for the investigations now being' carried on with regard to puerperal sepsis. He (Mr. Wyatt) had himself taken swabs from the upper one-third of the vagina and cervix in 850 cases, and in only twenty-two had hbmolytic streptococci been found. Only one of the patients in these twenty-two cases had had a slight rise of temperature in the puerperium.
-No attempt, however, had been made in these 350 cases to isolate the definite variety of streptococcus and no cultures had been put up anaerobically.
Dr. R. ARMSTRONG said that the work on which Dr. Burt-White and himself had been engaged was a necessary preliminary to a wider study, now in progress, which included an examination of the cervix and uterus during the puerperium.
He again insisted on the importance of recognizing that virulence was an essential character without which a strain of Streptococcus pyogene8, although typical in every other respect, could not be considered a disease producer.
How puerperal sepsis spreads when once introduced into a lying-in ward remained a mnystery. This much was known: that operative interference of whatever kind greatly increased the incidence of sepsis. On the other hand, the susceptibility of individual women to the infection must play a considerable part.
